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Goal: Multi-lon (Probabilistic) Requirements
Remote Entanglement 1) lon-Photon Entanglement 2) Single Photon Excitation

- _ . _ _ . _ We have shown probabilistic ion-photon entanglement in cadmium Mca* To eliminate multiple excitations from our weak cw
The remote probabilistic entanglement expgrlment will be run with two ions in two sgparate vacuum chambers. Joint ions. The ion spontaneously decays via two channels with orthogo- P mmr: pulse, we want to show a true single photon source
photon detection heralds the entanglement of the two ions. nal polarization, leaving the combined ion-photon system in an en- from a pulsed laser excitation. We show data (below)
Laser Setu p tangled state prior to photon detection. The entanglement fidelity is |H) that has a missing central peak with a contrast of
- N >87% and is limited in part by multiple excitations of the ion by the A e better then 20:1, strong evidence for a single photon
P weak cw pulse. source in our cadmium ion.
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S112 —r |T;
= Mode- n
S Locked -
O
3 Ti-saph 3) Two Photon Interference - mode-matching
)
| tom for L _ sed | form f The free space coupling from two ion traps in two separate chambers was not successful due to thermal drifts and small differ-
Sl G- L LY el lon Trap in Vacuum puised 1aser system 1or ences in imaging optics. It appears necessary to send the ion light thorough a sufficient length of optical fiber to clean the photon
cooling and detection Chamber lon excitation

mode for interference on the beamsplitter. However, UV fibers currently have an attenuation of 10dB/m @214 nm which is pro-
hibitively large. We can however, show evidence of photon interference using two ions in the same trap. This eliminates some of
the previously mentioned problems because both ions are imaged by the same optics and displacements are common mode.
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lon 1 ¢ wavepacket When the photons are mode-matched on the > . { n
& beamsplitter, joint detection means that the photons ] pulsed D, g 40 r :
were in an entangled state. excitation '5
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After detection of the photons, the quantum state of 20
the ions has also collapsed into an entangled state.
Because the entangled quantum state of the ions is Excitation with weak pulse U0 ]
long-lived, this entangled state can be used for With a weak excitation pulse, it turns out that the rate of multiple excitations 0 ' M W '
subsequent quantum information processing. from a single ion is on the same order as the rate of simultaneous excitations from 200 CLoOEE O >0 100 £ 4P
Th s split | )ens =04, ) o S A
e pulsed laser is split into two paths and then ons | /4| 2 | /1l /2 . . .
directed to each ion. Although the experiment looks » | Pexc(single excitation, single atom) = p Autocorrelation g{?) of photons scattered by a single ion. The ion is excited by
like an optical interferometer, it has been shown The probability of a S_UCCGSSfUI remote ion P__ (double excitation, single atom) ultra-short pulses with a width of 1ps and a time distance of 37ns. Since the
that interferometric stability is not necessary for entanglement event is - & pulse duration is short compared to the excited state life time, at most one
interference on the beamsplitter. _ P(detect)” _ 0.002° _10-® P, (single excitation, two atoms) single excitation is necessary ! photon is emitted from each excitation pulse which is demonstrated by the
- 4 N 4 - near-perfect anti-bunching. The residual counts at zero delay are dominated by
The Com.plete quantum state be_fore the . v use mode-locked laser with pulse duration short compared to excited state lifetime scatter of the excitation pulse itself.
beamsplitter of both entangled ion-photon pairs is: Sl e Sl P(detect) = Single ion-photon

W) = ([H)L 1) H V), ®(H),|1). +V), ) state detected entanglement probability
(RN, Y0, (e Two Photon Interference
Scalability

Simon and Irvine, PRL, 91, 110405 (2003) One way to resolve mode-matching difficulty due to relative motion between ions is to have the ions located in the
\ same trap. In this case, most of the motion is common mode.
d b d | Hong, Ou,and Mandel, PRL, 59,2044 (1997) - 16 . . . . . —
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when combined with local deterministic quantum +|2,04 =5 Y g— >

BS BS gates, this provides a possible method for scal- | + 12 |
able quantum computation. | AW
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Schematic of the experimental setup showing the two Schematic of the interferometer used to The three curves on this graph show an achieved mode
ey ooty %
gh%c? 252.'1?;2%;2??;r:,r;?ﬁtfe? “222:'?:; 74 hit a beam splitter, one of two mirrors, The curves show the autocorrelation g(2) of the detected
beamsplitter, a mirror was inserted to image the ions | and then are interfered on another beam photons. The lowest curve is taken with a single ion in
. ’ : splitter. One of the two possible paths for '
S|multaneously_from _both traps on a photoq-countmg The different possibilities of two single photons impinging on a ezch AT tF;\at o fiFr)maI ’;hel_ l’;rap.t Flor the ?lgheCIst |Cutrr\1/e the two peh\fchﬁ tahret
camera. The insetis of two Cd lons, one in e_aCh beam splitter can lead to interference. In particular, the two pos- beam splitter sees only the photons in y |dera y ylmlsa 'andel S c]iase e IC.d = O
vacuum chamber. Becguse the two images drifted sibilities for observing one photon in each output port have op- the overlapping modes. Behind the mbo es odver ap (mld tet%uwe_), Ie_werdcomc;l_ eans are
independently on a 5 minute time scale and the posite phase leading to destructive interference. As a conse- beam splitter are el iy oTo observed compared to the misalighed contiguration.
spatial modes of the photonic qubits were not exactly quence photon coincidences are never observed. Ao o PP - w
the same, the mode-matching was insufficient to see In order to observe this two photon or fourth order interference, | Nt B LR OIS HOINES @I 102l ol fin

hotons is necessar partial mode-matching because the motion of the ions is
P Y- common mode, and the ions are both imaged by the
same imaging system.

Two ions | .
photon interference. no interferometric stability or phase relation of the incoming separate traps, we are now able to observe a signal of
‘ I



